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Abstract—This paper describes the work investigating the 
application of data mining tools to aid in the development of 
traffic signal timing plans. A case study was conducted to 
illustrate that the use of hierarchical cluster analysis. This 
approach can be used for designing of a TOD signal control 
system, since it automatically identifies time-of-day (TOD) 
intervals using the historical collected data. The cluster 
analysis approach is able to utilize a high-resolution system 
state definition that takes full advantage of the extensive set of 
sensors deployed in a traffic signal system and cluster 
validation supports the hypotheses presented. The results of 
this research indicate that advanced data mining techniques 
hold high potential to provide automated signal control 
techniques.
Keywords- Data mining, traffic management, clustering, 
intelligent transportation system 
I. INTRODUCTION 
Analyzing, interpreting and making maximum use of the 
data is difficult and resource demanding due to the
exponential growth of many business, governmental and 
scientific databases. It been estimated that the amount of 
data stored in the world’s database grows every twenty 
months at a rate of 100%. This fact shows that we are getting 
more and more exploded by data/information and yet 
ravenous for knowledge. Data mining therefore appears as a 
useful tool to address the need for sifting useful information 
such as hidden patterns from databases. In today’s world, 
where the accumulation of data is increasing in an alarming 
rate, understanding interesting patterns of data is an 
important issue to be considered to adjust strategies, to make 
maximum use of it, and find new opportunities. 
Organizations keeping data on their domain area takes every 
record as an opportunity in learning facts. However, the 
simple gathering of data is not enough to get maximum 
knowledge out of it. Thus, for an effective learning, data 
from many sources must first be gathered and organized in a 
consistent and useful manner. Data warehousing allows the 
enterprise to recognize what it has noticed about its domain 
area. The data must also be analyzed, understood, and turned 
into actionable information. This is the point where the 
application of data mining is need.  
Although it is difficult to define precisely and delimit the 
range and limits of such scientific disciplines, many scholars 
try to indicate the basic tasks of data mining.   Data mining 
can also been see as a combination of tools, techniques and 
processes in knowledge discovery. In other words, it uses a 
variety of tools ranging from classical statistical methods to 
neural networks and other new techniques originating from 
machine learning and artificial intelligence in improving 
database promotion and process optimization are used. Six 
basic functions or activities of data mining are classified into 
directed and undirected data mining. Specifically 
classification, estimation and prediction are directed, where 
the available data is used to build a model that describes one 
particular variable of interest in terms of the rest of the 
available data. Affinity grouping or association rules, 
clustering, description and visualization on the other hand 
are undirected data        mining where the goal is to establish 
some relationship       among all variables. 
Up to recent time, the only analysis made on data to get 
meaning out of it, is simple statistical manipulation that has 
no power to show all the necessary information content of a 
given data. But data mining technology, on the other hand 
has the greatest potential in identifying various interesting 
patterns for enabling organizations to control data as an 
opportunity in learning facts. But the simple gathering of 
data is not enough to get maximum knowledge out of it. 
Thus, for an effective learning, resources for strategic 
planning and decision-making must use in their domain area. 
There are some useful surveys about some researches [7]. 
Therefore, our research is more similar to spatial data mining 
[8]. 
Traffic control system is one of the various areas, where 
critical data about the well-being of the society is recorded 
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and kept. Various aspects of a traffic system like vehicle 
accidents, traffic volumes and concentration are recorded at 
different levels. 
Intelligent transportation system (ITS) includes large 
numbers of traffic sensors that collect enormous quantities 
data in an attempt to provide information for the support and 
improvement of signal timing operations. Advanced forms 
of signal control, such as second and third generation 
control, are dependent on the sensor data supplied by ITS. 
However, basic forms of control such as time-of-day (TOD), 
which is the prevalent signal control methodology used in 
this country, do not rely on the sensor data for operation. The 
sensor data is in fact capable of providing abundant amounts 
of information that can aid in the development of improved 
TOD signal timing plans by providing historical data for 
automatic plan development and maintenance and TOD 
interval identification. Data mining tools are necessary to 
exact the pertinent information from the data. [3] 
This paper describes research that is devising a procedure 
for developing, implementing and monitoring traffic signal 
timing plans using available data mining tools. The 
hypothesis premise of the research is that the data collected 
by signal control systems can be used to improve system 
design and operations for the current methods of traffic 
control. The data-mining tool that serves as the foundation in 
this research for signal plan development is hierarchical 
cluster analysis, while classification may be used for 
monitoring plan effectiveness. This paper offers a 
background on signal timing plan development, with 
consideration of system state definitions and offering a 
procedure for improved traffic control through the use of 
hierarchical cluster analysis. The case study shows that the 
sensor data provided by ITS holds valuable information 
regarding the behavior of traffic , capable of automatically 
generating TOD intervals for transitioning between timing 
plans as well as providing appropriate volume data for plan 
development during these automatically generated TOD 
intervals.[3] 
This paper is organized as follow: Section 2 describes the 
use of data mining in traffic management. In section 3 we 
describe how to collect data for this research. Section 5, 6 
reports the way that are used for formulate the problem and 
the results of it. We conclude with Section 7. 
II. THE USE OF DATA MINING IN TRAFFIC 
MANAGEMENT
There are many cities in our country which has a large 
population compared to their extension. Naturally these 
people need a good transport system to cope with their needs 
like going to work, go shopping, etc. It should be done 
through city roads. The growth of population and the need of 
transportation system in one hand and the addition of 
transport vehicles on the other hand, we need a good city 
management all over the country. The addition of transport 
facilities in a town involves high financial and chronological 
expenses. These problems show the need of correct traffic 
management. 
As the traffic had bad effect on the air it has also 
undesired effects on human lives in different aspects, so it is 
necessary to investigate the ways to control and overcome 
the difficulties in this field. One of the most important 
problems of traffic is taking a lot of time, so we can prevent 
undesired traffic effects. 
Today is the age of information increasing in any field; 
there are a large amount of traffic information in roads and 
cities. Traffic instruction has concrete characteristics. It 
means solving some parts of traffic problem may effect on 
the other ones. 
Traffic analysis requires using traffic rules based on the 
available information. We should consider two main 
materials get a reliable model and a right decision. First the 
information should be correct. Correct information 
represents a reliable model. Second the information should 
always be updated. The traffic information changes 
according to the rate of city changes, either change in 
population or in the construction. As this factor is important, 
it is impossible to do it easily. 
Traffic is a changeable factor. It depends on the certain 
parts of the day or specific days. Intelligent ways are used to 
solve this problem but they have some faulty. Furthermore it 
relies up hardware facilities. We can mention a difference 
between data mining and modeling. One of the applications 
of data mining is to make series of patterns based on the 
phenomenon operations. 
Different traffic information is gathered regularly 
throughout a city and we can use of them to creating models 
for time-of-day signal control. Time-of-day (TOD) signal 
control is an example of a form of system control known as 
state-based control. A “state” is an abstract representation of 
the condition of that system at some point in time. The 
defined state serves as a sufficient statistic for the condition 
of the system. The concept of state based control is to use a 
set of established rules or policies to guide the selection of a 
control strategy for a system as the system transitions from 
one state to another.  
Many researches had be done about using data minig in 
urban traffic. First time [3] use clustering for managing 
urban trafic. After that [4] use GA for solved the problem of 
“unclean clusters” from resualts. Some other people useothe 
AI algorithms to change the answers. For example [2] used 
artificial immune clustering algorithm. Most of the 
researches are based on accidents alarms. By monitoring 
changes in signal data, they find risky times to become ready 
for helping pasengers. [1,5] 
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III. DATA COLLECTION
One of the most important factors in data mining is to 
collect the data and the needed information for data mining. 
The intelligent transportation system is an important way 
to control the traffics. In some junctions in Isfahan there are 
some sensors for determining the volume of vehicles traffics 
in order to control the lights in junctions. 
Each entry in junction has a sensor and it is enabling to 
count the number of entry vehicles. It can set the lights by 
the distinct orders. 
By considering the data collected by the system detectors 
in as high a resolution as possible, one can expect to better 
capture the nuances of the systems dynamic behavior. 
Therefore, the state definition used for this case study is a 
vector of volume and occupancy measures for each 
directional phase movement at each intersection. Not all 
intersections have system detectors located at every phase, 
so the state definition may vary from intersection to 
intersection depending on the availability of system 
detectors. 
   
We have a table containing volume and occupancy 
measures for each directional phase movement at each 
junction in any time. This table contains the information of 
five junctions. This information is saved according to the 
name of junction in each 15 minutes for 2 months. The 
information consist of LV (volume of vehicles) and 
LO(vehicle occupancy) that recorded for different phases in 
junction. This table has a lot of zero fields that is the cause of 
statistical fault as well as destruction of sensors, or making 
the sensors inactive by the traffic control center. If we want 
to apply data mining techniques on this information we will 
certainly get unreal models, so we should first clean this 
data. 
IV. DATA CLEANING
 Data cleaning, also called data cleansing or crabbing, 
deals with detecting and removing errors and inconsistencies 
from data in order to improve the quality of data. Data 
quality problems are present in single data collections, such 
as files and databases, e.g., due to misspellings during data 
entry, missing information or other invalid data. For cleaning 
the available data, we choose junctions who have more 
complete information that others. These selected junctions 
don’t have zero field and the sensors of these junctions have 
always been active.  
In the next stage, as the traffic in different days of the 
week differ, especially in weekends, we divided the weekend 
information from the others. So we have three tables. The 
first table contains the information of Saturday to 
Wednesday. The second one contains the Thursday’s 
information and the last one for keeping the Friday 
information. 
 The last stage is to writing the following query for each 
similar times of day: 
SELECT Avg(l1v), Avg(l1o), Avg(l5v), Avg(l5o), Avg(l13v), 
Avg(l13o) FROM [SHANBE-4] 
WHERE (((Hour([Time]))=7) AND ((Minute([Time]))=30));
In this way, we calculate the average of LV and LO for 
each phase in similar times of day. 
Now, our information is ready for data mining. 
V. PROBLEM FORMULATION
Clementine, a software system for data analysis, was the 
main tool used to implement data mining procedure, 
clustering in particular, in this research. Also we used 
Microsoft excel to drawing charts for the clusters that were 
created by Clementine. The cluster analysis was done with 
the Clementine software using 15-minute volume and 
occupancy data supplied by the traffic control center. 
The purpose of cluster analysis is to place objects into 
groups or clusters suggested by the data, not defined a priori, 
such that objects in a given cluster tend to be similar to each 
other and objects in different clusters tend to be dissimilar. 
The case study was done on a data set consisting of 
approximately 3000 observations, where two months of data 
was extracted from two junctions. We clustered holidays and 
weekends separate from other days. 
These clusters were first tested in one phase of a 
junction, and then they were done on the other phases. We 
prepare the tables including (TOD) intervals as a result. 
For business days, from Saturday to Wednesday, we get 
figure 1. 
Figure 1.   The diagram for business days. 
These days are divided in to 4 clusters by using 
Clementine. 
The clusters are showed in figure 2. 
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Figure 2. The clusters for business day 
For weekends, Thursdays, we obtained the figure 3.
Figure 3. The diagram for Thursdays.
Thursday is divided to 4 clusters, too. 
Figure 4. The clusters for Thursdays. 
For holidays, we get figure 5. 
Figure 5.   The diagram for holidays. 
Holidays are divided in to 3 clusters by using 
Clementine. 
The clusters are showed in figure 6. 
Figure 6. The clusters for holidays. 
VI. RESULTS
In this section we prepared the tables for TOD intervals 
based on the gained clusters in previous section. Table 1 
identifies the cluster TOD intervals for weekend, table 2 
identifies the cluster TOD intervals for holidays and table 3 
identifies the cluster TOD intervals for business days ,from 
Saturday to Wednesday. 




1 Off peak 22:00-08:00 
2 AM  ,  Evening 08:00-10:00   ,   19:30-
20:30 
3 Post AM  ,  PM 10:00-12:30   ,   15:30-
18:00 
4 Mid day   ,  Post 
PM 
12:30-13:30   ,   18:00-
19:15 
5 Pre-Off peak 14:00-15:30   ,   21:00-
21:45 
TABLE II. TOD INTERVALS FOR HOLIDAYS. 




1 Off peak 21:00-07:30 
2 AM  ,  PM 07:30-09:00   ,   15:30-
17:30 
3 Post AM  , 
Evening 
09:00-12:30   ,   19:00-
21:00 
4 Mid day 12:30-15:30 
5 Post PM 17:30-19:00 
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VII. CONCLUSIONS
The use of data mining tools to automatically generate 
TOD intervals and plans for signal plan development directly 
benefits transportation engineering, while the application of 
cluster analysis as a basis for real time control benefits the 
systems engineering field. From the research presented here, 
the timing plan development and maintenance process can be 
replicated and automated. The result of a through systems 
approach to problem solving is shown here to improve traffic 
performance through corridors with the ability to support 
automated tools for plan development and maintenance. The 
underlying application of data mining tools to traffic data in 
this research can be used as a guide for the development of 
similar real time, automated control tools. 
From procedure introduced here, an automated tool is 
under development. The tool automatically retrieves 
historical detector data and clusters the data over a 24 hour 
time period to generate daily TOD intervals and timing plans 
based on the historical data trends. The tool evaluates the 
real time traffic data to constantly monitor the effectiveness 
of timing plans and alert traffic engineers of critical plans 
and variant traffic conditions.[3] This use of data mining 
tools on real time traffic data has proved to be beneficial to 
traffic signal control and development.
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